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"H-NMR spectroscopy coupled with Principal Component Analysis (PCA) as chemometrical method was
used to authenticate Romanian vegetable oils (sunflower, soybean, linseed and rapeseed) according to their
variety. "H-NMR spectroscopy offers two possibilities for vegetable oils authentication. The first one, based
on 'H-NMR integrals and systems of chemometric equations allowed to determine the composition of
vegetable oil on four classes of fatty acids, which was further used as input for the PCA analysis in order to
separate the oils according to their variety. The second possibility in terms of authentication is to transform
the 'H-NMR spectra into series of numerical values (vectors) by integrating certain peaks or spectral windous.
This strategy, investigated in the present paper, showed good results in discriminating among sunflower,
soybean, rapeseed and linseed oils.
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The search for the origin and the authenticity of food
products has been the object of numerous studies in the
past few years using various physico-chemical
determinations which provide data that are further
processed by chemometric methods [1-5].

In recent years the Romanian production of vegetable
oils (sunflower, linseed, rapeseed and soybean) has
increased significantly. Because of their chemical
composition and nutritional values, vegetable seeds are
considered to be a great source of lipids and proteins [6]
and are largely used in the production of edible oils [7] and
animal feed [8].

'H-NMR spectroscopy is a powerful analytical tool for
analysis and characterization of food products. In previous
studies of our research group, 'H-NMR spectroscopy data
were used for identification and quantitative measurement
of compounds usually found in vegetable oils [3, 9] and
wines [10-13].

In this study we aimed to authenticate vegetable oils
(sunflower, linseed, rapeseed and soybean) according to
their variety using 'H-NMR spectroscopy coupled with PCA
method (Principal Component Analysis).

'H-NMR spectroscopy offers two ways in which data
can be used to authenticate vegetable oils. The first way
was to process by PCA the composition of vegetable oils
on four classes of fatty acids (tri-unsaturated, di-
unsaturated, mono-unsaturated and saturated fatty acids)
obtained based on 'H-NMR data and a system of
chemometric equations [14]. The second strategy we
investigate in this work consists in transforming the 'H-
NMR spectra into series of numerical values taking into
account directly the integral value of selected peaks.

Experimental part

The vegetable oils were obtained in our laboratory by
Soxhlet extraction [15] from certified oil seeds (in terms
of variety, geographical origin, crop year). The seed samples
were provided by the Academy of Agricultural Sciences of
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Bucharest, the National Institute for Agricultural Research
and Development of Fundulea, and regional Research
Stations for Agricultural Development. All oilseeds we used
in our study were produced in Romania.

The oil sample was dissolved in CDCI, (2:8 v/v). The
sample was sonicated for 5 minutes, for degassing and
mixing.

'H-NMR spectra were recorded on a Bruker Avance DRX
400 spectrometer, operating at 9.4 Tesla, corresponding to
the resonance frequency of 400.13 MHz for the 'H nucleus,
equipped with a direct detection four nuclei probe head
and field gradients on z axis. Samples were analyzed in 5
mm NMR tubes (Wilmad 507). The chemical shifts are
reported in ppm, using the TMS as internal standard. Typical
parameters for 'H-NMR spectra were: 30° pulse, 4 s
acquisition times, 6.4 KHz spectral window, 8 scans, 52 K
data points. The FID was not processed prior to Fourier
transformation. The average acquisition time of the 'H-
NMR spectra was approximately 2 min. The statistic
analyses (Principal Component Analysis) used to
investigate the compositional differences between oils
(sunflower, soybean, linseed and rapeseed) was carried
out using the XLSTAT software.

Results and discussions

A total amount of 115 samples of vegetable oils has
been subjected to this study (17 samples of sunflower, 48
samples of soybean, 21 samples of linseed and 29 samples
of rapeseed oil).

'H-NMR spectra of vegetable oils have the same shape,
but the differences between them are reflected on the
integral values of the characteristic peaks. Figure 1 presents
the "H-NMR spectrum of rapeseed oil and table 1 shows
the chemical shifts and peak assignment of 'H-NMR
spectra of vegetable oils, according to the literature
specifications [16].

Based on 'H-NMR spectra and using systems of
chemometric equations the composition of vegetable oils
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Fig.1. 'H-NMR spectrum of rapeseed oil
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Signal ) Proton Compound

(ppm)
A 0,95 -CH=CH-CH,-CH3; linolenic acid
B 0,85 -CH,-CH,-CH,-CH;  all acids except linolenic acid
C 1,25 -(CHy)n- all fatty acids Table 1
. CHEMICAL SHIFTS AND PEAK

D 1,6 -CH,-CH,-0CO- all fatty acids, B-methylene protons ASSIGNMENT OF 'H-NMR SPECTRA
E 2,02 -CH,-CH=CH- all unsaturated fatty acids OF VEGETABLE OILS
F 2,3 -CH,-0CO- all fatty acids, a-methylene protons
G 2,75 -CH=CH-CH,-CH=CH- linoleic acid and linolenic acid
H 4.19 -CH,-OCOR all fatty acids
I 5.24 -CH-OCOR all unsaturated fatty acids
J 5.35 -CH=CH- all unsaturated fatty acids

was determined in our previous studies [3,14] on four
classes of fatty acids: tri-unsaturated, di-unsaturated,
mono-unsaturated and saturated. The obtained
composition was processed by mean of PCA method with
good results regarding the authentication: a very good
separation of the rapeseed and linseed oils was obtained,
while the groups of sunflower and soybean oils were
relatively close; therefore, another representation of
principal component scores was necessary using only the
data of sunflower and soybean oils in order to obtain a
good discrimination of sunflower and soybean oils.

The current paper aims to ease the authentication
process using the information directly provided by the 'H-
NMR spectra. Therefore each signal from the spectra was
integrated in triplicate, for a good precision and the mean
integral value was used in further computation. Ten values
for each spectrum were obtained corresponding to the A
to J signals of the 'H-NMR spectra.

Table 2 presents the mean integral values obtained for
each signal from the 'H-NMR spectra for ten samples of
each type of the analyzed vegetable oil.

Table 2
THE MEAN INTEGRAL VALUES OBTAINED FOR EACH SIGNAL FROM THE 'H-NMR SPECTRA
The mean integral values
A C D E F H I J

SF-1 3.00 0.00 15.57 2.53 1.39 1.94 0.21 1.27 0.38 0.86
SF-2 3.00 0.00 15.71 223 2.05 1.88 047 1.22 0.33 1.46
SF-3 3.00 0.00 16.60 1.98 339 1.93 123 124 0.92 2.44
SF-4 3.00 ° 0.00 17.06 1.98 3.36 1.93 1.01 1.24 0.87 222
SF-5 3.00 0.00 17.00 1.98 344 193 1.10 1.22 0.89 2.32
SF-6 3.00 0.00 16.94 1.90 3.13 1.82 0.88 1.16 048 243
SF-7 3.00 0.00 16.45 1.97 3.39 191 1.14 1.22 0.73 2.46
SF-8 3.00 0.00 16.78 2.02 311 1.88 0.99 1.19 0.59 2.36
SF-9 3.00 0.00 16.38 1.97 322 1.85 1.07 120 0.65 243
SF-10 3.00 0.00 16.24 241 1.61 1.96 0.18 1.32 034 0.93
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LIN-1 3.00 3.86 29.83 455
LIN-2 3.00 3.09 27.53 4.01
LIN-3 3.00 3.79 28.80 4.44
LIN-4 3.00 3.09 27.14 4.00
LIN-§ 3.00 293 27.05 392
LIN-6 3.00 2.97 27.08 3.95
LIN-7 3.00 343 27.95 422
LIN-8 300 4.36 30.83 491
LIN-9 3.00 4.14 3023 4.70
LIN-10 3.00 3.40 28.64 424
§-1 3.00 024 18.06 209
S-2 3.00 0.21 18.28 2.09
S-3 3.00 0.23 18.09 2.10
S-4 3.00 021 18.18 213
§-5 3.00 0.21 18.37 2.10
S-6 3.00 0.24 17.96 2.12
S-7 3.00 0.22 18.20 2.10
S-8 3.00 0.15 18.24 2.10
S-9 3.00 0.20 18.41 2.12
S-10 3.00 022 18.08 210
R-1 3.00 0.26 19.86 211
R-2 3.00 0.22 19.80 212
R-3 3.00 0.2s 19.92 211
R-4 3.00 0.24 19.81 2.11
R-S 3.00 0.27 19.67 2.10
R-6 3.00 0.21 1927 204
R-7 3.00 0.26 20.04 2.13
R-8 3.00 0.25 20.02 2.15
R-9 3.00 0.29 20.63 221
R-10 3.00 0.31 20.07 2.13

8.10 444 5.62 2.86 252 8.0t
7.03 3.94 4.55 255 2.14 6.71
7.95 435 5.54 275 260 7.84
7.10 391 4.67 2.53 231 6.70
6.99 379 4.29 245 2.18 641
7.07 383 434 245 213 6.55
7.51 4.11 5.07 2.62 247 720
8.76 4.76 6.31 3.07 2.86 8.88
8.34 4.59 6.00 2.96 2.79 8.30
7.40 4.12 4.99 2.64 243 7.17
346 206 1.39 135 1.00 2.58
3.40 2.04 1.25 1.31 0.87 2.53
3.48 2.06 1.36 1.34 1.01 2.57
353 2.08 1.36 1.34 0.94 261
336 2.06 1.23 1.34 0.97 237
349 2.07 1.38 1.33 0.80 2.74
339 2.08 1.31 1.33 0.88 2.58
337 2.06 1.20 1.33 0.98 2.33
3.44 2.07 1.26 1.35 0.96 248
345 2.06 1.33 1.34 098 2.54
378 207 0.76 1.31 0.73 2.35
385 2.05 0.68 131 0.72 2.30
3.82 2.08 0.71 132 0.70 239
385 207 0.67 132 0.69 232
3.87 2.07 0.69 1.33 0.73 2.29
372 202 0.64 1.30 0.68 224
3.89 207 0.68 1.27 071 2.31
3.90 2.12 0.69 1.32 0.64 243
3.99 2.13 0.69 1.30 0.72 242
3.89 207 0.68 1.29 0.75 232

* SF - sunflower; LIN - linseed; R - repeseed; S - soybean

As it can be seen from table 2, the signal B has the same
constant value (3.00) for all the samples because it was
used as a calibration signal and therefore this signal is not
used in further statistical computations.

The mean integral values of the A, C, D, E, F, G, H, I and
J signals obtained for each 115 samples of the analyzed
vegetable oils (17 samples of sunflower, 48 samples of
soybean, 21 samples of linseed and 29 samples of
rapeseed) were processed using PCA as statistical method.

Figure 2 shows the representation of principal
component scores PC1/PC2 for the sunflower, linseed,
soybean and rapeseed oils using 'H-NMR integral values of
A, C D, E F G, H, IandJ signals.

In figure 2 a very good discrimination of linseed oils from
the other vegetable oils is observed using 'H-NMR integral
values of A, C, D, E, F, G, H, I and J signals. As it can be
noticed, sunflower, soybean and rapeseed oils show a
tendency to group in the same place; therefore, another
representation was made excluding the linseed oils.

Figure 3 show the representation of principal component
scores PC1/PC2 using the same integral values of A, C, D,
E, F, G, H, I and J signals, for the sunflower, soybean and
rapeseed oils excluding the linseed oils.

A very good discrimination of sunflower oil, rapeseed
oil and soybean oil is observed from figure 3, but in this
case sunflower oils group shows a large spreading area.

A better strategy of discrimination was designed in
further calculations, by properly combining the integral
values of areduced number of peaks (4, C, E, F, G, Hand I).
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The integrals selection was made based on the
calculation of the components relevance.

The integrals relevance is obtained by following several
steps:

a) calculating the average of the integrals for each oil
variety - a mean integral value is obtain for each signal in
the 'H-NMR spectrum

e.g. for linseed oil:

mean A, = (A, tA pot -1 Ap,)/2]
were: ' ' '

A, represents the integral value of signal 4, in LIN-1
oil sample.

The same calculation is made for B, C, D, E, F, G, H,  and
Jintegrals.

b) calculating the integral variability within oil variety -
was obtained by the difference between the mean integral
value (obtained at point (a)) and the value of the integral
for each oil sample and represents the variability of the oil
sample integral from the mean value.

varA = abs(meanA -A )

meanvarA = (varA + varA o +..+varA )/
21
were:

var A . represents the variability of the A integral of

LIN-1 oif'lgémple within the lin oil variety;
meanvar A  represents the integral variability of linseed
oil within the o1l variety.
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Fig.2. Principal Component scores
Linseed PC1/PC2 plot for the sunflower oil,
rapeseed oil, soybean oil and
linseed oil using 'H-NMR integral
values of A, C, D, E, F, G, H, I and J
signals statistically processed by PCA
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c) calculating the average of each mean integral value
between oil varieties

MA = (mean ALIN +mean ASUNFLOWER
ARAPE )/ 4
were:

M, = mean A integral value between oil varieties.

The same calculation is made forB, C, D, E, F, G, H, | and
Jintegrals.

+ meanA, + mean

d) calculating the integral variability between the oil
varieties - was obtained by difference between the average
of each mean integral value (M) and the average of
integrals for each oil variety:

Variability A, = abs(M, - mean A

LIN)

Observations {axes PC1 and PC2: 78.65 %)

Fig.3. Principal Component scores PC1/PC2
plot for the sunflower oil, rapeseed oil and
soybean oil using 'H-NMR integral values of A,
C D, E, F, G, H, I and J signals statistically
processed by PCA

( e} calculating the integrals relevance for each oil variety
Rel

Rel A, = (Variability A )/(mean var A

LIN)

f) calculating the total relevance for each integral (RT)

RT, = Rel A, + Rel A

SUNFLOWER + Rel ASOY + Rel ARAPE

Based on the model described, the total relevance for
all the integrals was calculated. Table 3 presents the total
relevance for all the integrals, in ascending order.

As it can be noticed from table 3, integral B is not a
relevant component, followed by D and J, therefore is
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Table 3 Observations (axes PC 1 and PC 2: 84.84 %)
INTEGRALS TOTAL RELEVANCE IN 6 o i . )
ASCENDING ORDER
Integrals Total relevance ‘
"
B 0.00
D 2.50 Soybean
J 2.76 Sunfiower ®
H 5.40 4 o o
A 7.41 3 A #
I 8.39 8
F 8.62 % 0
E 945 -4
C 10.28 §
G 15.09 ! 9
-4 Rapeseed
6
-6 -4 -2 0 2 4 6
- axis PC 1 (54.95 %) -->
Fig.4. Principal Component scores PC1/PC2 plot for the sunflower oil, rapeseed oil
and soybean oil using 'H-NMR integral values of 4, C, E, F, G, H and [ signals
statistically processed by PCA
Strategy 1
Oil . ! . ] i:itinall ) chemometric -3
sample ¥ 1H-NMR > e ‘ gra equations
;;;;;;; TR T W value
fatty acids PCA . @ . . .
composition — Fig. 5. Authentication strategies
Strategy 2
oil ‘ signal
sample™ > *H-NMR =% ,

o “ ;’ ; value

proceed to the gradual elimination of components with
low relevance.

Figure 4 presents an improvement of the grouping
tendency by plotting of principal component scores PC1/
PC2 for the sunflower, soybean and rapeseed oils using 'H-
NMR integral values of A, C, E, F, G, H and I signals.

As it can be seen from figure 4 an improvement of the
grouping tendency is observed in this case.

This strategy helps us to obtain a very good
authentication of the vegetable oils using the integral for
only 7 selected peaks.

We choose to eliminate peak B (corresponding to
protons from all methyl groups from all acids except
linolenic acid), peak D (corresponding to B-methylene
protons with respect to the carbonyl group from all acids)
and peak J (corresponding to protons linked with
unsaturated carbons from all unsaturated fatty acids).
These 3 variables made the authentication approach to be
considered from the beginning an unproductive way.

REV. CHIM. (Bucharest) ¢ 63 ¢ No.9 & 2012
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A scheme containing the proposed two strategies
procedures for studying the authentication of vegetable
oils is presented in figure 5.

Conclusions

'H-NMR spectroscopy coupled with Principal
Component Analysis chemometrical method was used to
authenticate vegetable oils. The advantage of 'H-NMR
spectroscopy is, besides being fast, that it can be applied
directly on triglycerides, without any sample preparation.

By using both authentication strategies presented in
figure 5, satisfactory results were obtained.

The second strategy applied to the vegetable oils is faster
compared to the first one and gives better results in terms
of authentication but it does not provide compositional
results.

The obtained conclusions are important for selecting
the proper method for authentication studies.
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